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(3) Removal of catbonyl impurities from a carbonylation process stream. 



@ The methyl iodide recycle stream to a carbonylation reactor for caibonyiating methanol or methyl 
acetate to acetic acid, acetic anhydride or both is treated to remove carbonyl Impurities by reacting the 
methyl Iodide stream with an aqueous amino compound which reacts with the carbonyls to form water 
soluble nitrogenous derivatives, separating an organic methyl iodide phase from an aqueous derivative 
phase and distilling the methyl Iodide phase to remove heavier impurities. The treatment of the methyl 
Iodide recycle stream to the carbonylation reactor has been found to greatly reduce the carbonyls 
present In the product acetic acid or acetic anhydride and reduce tar formation In acetic anhydride and 
acetic acid-acetic anhydride co-production units. The formation of nitrite from the nitrogenous 
derivative during distillation is minimized by adding water to the distillation column which washes the 
nitrogenous derivatives from the methyl iodide overhead. 
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BACKGROUND OF THE INVENTION 

This invention relates to a novel process for the purification of acetic acid and/or acetic anhydride which 
have been formed by the carbonylatton of methanol or methyl acetate In the presence of a Group VIII metal 
6 carbonylatton catalyst More specifically, this invention relates to a novel process for removing caibonyl impuri- 
ties from acetic acid and/or acetic anhydride formed by Group VIII metal catalyzed carbonylatton processes. 

Among currently-employed processes for synthesizing acetic acid one of the most useful commercially is 
the catalyzed carbonylatton of methanol with carbon monoxide as taught In U.S. 3.769.329 issued to Paulik et 
ai on October 30, 1973. The carbonylatton catalyst comprises rhodium, either dissolved or otherwise dispersed 
10 In a liquid reaction medium or else supported on an Inert solid, along with a halogen-containing catalyst pro- 
moter as exemplified by methyl iodide. The rhodiun can be introduced into the reaction system in any of many 
forms, and It Is not relevant, if indeed it is possible, to identify the exact nature of the rhodium moiety within the 
active catalyst complex. Likewise, the nature of the halide promoter to not critical. The patentees disclose a 
very large number of suitable promoters, most of which are organic iodides. Most typically and usefully, the 
15 reaction is conducted with the catalyst being dissolved In a liquid reaction medium through which carbon mono- 
xide gas is continuously bubbled. 

An Improvement in the prior-art process for the carbonylatton of an alcohol to produce the carbcxylto acid 
having one carton atom more than the alcohol in the presence of a rhodium catalyst is disclosed in copending, 
commonly assigned application U.S. Serial No. 870,287, fOed June 3, 1968 and European patent application 
20 161 ,874; published November 21 , 1965. As disclosed therein acetic acid is produced from methanol in a reac- 
tion medium comprising methyl acetate, methyl halide, especially methyl iodide, and rhodium present in a 
catal yticaJ ly-effective concentration. The invention therein resides pri marly In the discovery that catalyst stabi- 
lity and the productivity of the carbonylatton reactor can be maintained at surprisingly high levels, even at very 
low water concentrations, i.e. 4 wt% or less, to the reaction medium (despite the general industrial practice of 
25 maintaining approximately 14 wt% or 15 wt% water) by maintaining in the reaction medium, along with a 
catal yticaJ iy-effectlve amount of rhodium, at least a finite concentration of water, methyl acetate and methyl 
Iodide, a specified concentration of iodide tons over and above the iodide content which is present as methyl 
iodide or other organic iodide. The iodide ton to present as a simple salt, with lithium iodide being preferred. 
The applications teach that the concentration of methyl acetate and iodide salts are significant parameters in 
so affecting the rate of carbonylatton of methanol to produce acetic acid especially at low reactor water concen- 
trations. By using relatively high concentrations of the methyl acetate and iodide salt, one obtains a surprising 
degree of catalyst stability and reactor productivity even when the liquid reaction medium contains water in con- 
centrations as low as about 0.1 wt%, so low that it can broadly be defined simply as "a finite concentration" of 
water. Furthermore, the reaction medium employed improves the stability of the rhodium catalyst. I.e. resistance 
35 to catalyst precipitation, especially during the product-recovery steps of the process wherein distllation for the 
purpose of recovering the acetic acid product tends to remove from the catalyst the carbon monoxide which in 
the environment maintained In the reaction vessel, is a llgand with stabilizing effect on the rhodium. U.S. Serial 
No. 870,256 is herein incorporated by reference. 

Acetic anhydride may also be produced from the carbonylatJon of methyl acetate or dimethyl ether by the 
40 above described processes if the reactants are essentially water and methanol free. 

The acetic add which is formed by the carbonylatton of methanol Is converted to a high purity product by 
conventional means such as by a series of distillations. While it to possible in this way to obtain acetic acid of 
relatively high purity, the acetic acid product formed by the above-described low water carbonylatton to fre- 
quently deficient win respect to the permanganate time owing to the presence therein of small proportions of 
46 residual impurities. Since a sufficient permanganate time is an Important commercial test which the add product 
must meet for many uses, the presence therein of such knpivfties that degrade permanganate time is highly 
objectionable. The removal of minute quantities of these Impurities from the acetic acid by conventional distil- 
lation techniques is not commercially feasible. 

Among the impurities which degrade permanganate fine of the acetic acid are carbonyla and organic 
60 Iodides. It has now been discovered by the present inventors that during the production of acetic acid by the 
carbon yiation of methanol or methyl acetate in the presence of a finite amount of water, carbonyl impurities 
such as acetaldehyde, acetone, methyl ethyl ketone, butyraldehyde, crotonaldehyde, etc are present and 
further react to form aldd condensation products and/or react with Iodide catalyst promoters to form multi-car- 
bon aikyl Iodides. La, ethyl iodide, butyl iodide, and hexyl Iodide. In the formation of acetic anhydride or In acetic 
65 acid/acetic anhydride co-production units by carbonytatlon of methyl acetate and dimethyl ether, it is known 
that undesfrable high boi ing tare are formed in the catalyst solution. The tars are believed to be formed by atool 
condensation of the carbonyl impurities such as acetaldehyde and acetone as well as by reaction of the carbonyl 
and aJdd products with the formed acetic anhydride. The tars If not removed or sufficiently reduced will greatly 
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diminish the catalyst activity, eventually resulting in the termination of the carbonylation reaction. Thus, not only 
has the precipitated tar become an envkonmental problem, the operation of the oommerctel carbonylation pro- 
cess has been degraded and made more costly as makeup catalyst is required. Several prior art Inventions 
have dealt with the removal of the by-products, of particular note are Erpenbach et al, U. S. 4,717,464; Hoch 

6 and Wan, U. S. 4,252,748; and barton's, U. 8. 4,434,241. 

Unfortunately, It is difficult to completely remove the minor amounts of carbonyl Impurities which are present 
by conventional means such as dlstilation inasmuch as the impurities have boiling points close to that of the 
acetic acid and acetic anhydride products. It is known to remove carbonyl Impurities, In general, from organic 
streams by treating the organic streams with an amino compound which reacts with the carbonyis to form 

10 oxknes followed by distillation to separate the purified organic product from the oxime reaction products. How- 
ever, the additional treatment of the final product adds cost to the process and it has been found that distillation 
of the treated acetic acid product can result in additional impurities being formed. For example, it has been found 
that the formation of nitrites from the oxlmes readily occurs during distillation to remove the oxtmes. Obviously, 
If the final product is again contaminated, such process is not readily useful 

15 ■. Thus, whle removing carbonyis from the acetic acid and/or acetic anhydride carbonylation product has « 
been found to be of critical importance to yield a pure product, it is necessary to determine where in the car- 
bonylation process such materials can be removed and by what process without risk of further contamination. 

SUMMARY OF THE INVENTION 

20 

The process of the present Invention Is directed to the minimization of circulating carbonyl-contatning and 
unsaturated organic materials in the reaction mixture thus resulting in a more facile purification of acetic acid 
and/or acetic anhydride which have been formed by the carbonylation of methanol, dimethyl ether, or methyl 
acetate In the presence of a Group VIII metal carbonylation catalyst Such carbonylation reactions comprise 
25 catalytic reaction with carbon monoxide in the presence of a haiide promoter such as an organic halide as dis- 
closed In U.S. 3,769,329 or under low water conditions such as disclosed In aforementioned U.S. Serial No. 
870,267 wherein the catalyst solution not only contains the Group VIII metal catalyst and organic halide pro- 
moter, but also contains an additional Iodide salt In such processes, a feed of methanol or methyl acetate Is 
carbon ylated in a liquid phase carbonylation reactor. Separation of products is achieved by directing the con- 
so tents of a reactor to a flasher wherein the catalyst solution Is withdrawn as a base stream and recycled to the 
reactor whie the overhead which comprises largely the product acetic acid and/or anhydride along with methyl 
iodide, methyl acetate, and water (if only acetic anhydride Is produced) is directed to a methyl Iodide-acetic 
acid splitter column. The overhead from the splitter column comprises mainly organ ic iodides and methyl ace- 
tate whereas from the base of the splitter column Is drawn the acetic acid or anhydride product which Is usually 
35 directed to further purification by finishing distillation. The overhead from the splitter column containing the 
organic iodides is recycled to the carbonylation reactor. It has now been discovered that the carbonyl impurities 
which are found in the acetic acid product and which have been found to result in the formation of tars during 
the formation of acetic anhydride or in the co-production of acetic acid and acetic anhydride concentrate in the 
overhead from the splitter column. In accordance with the process of the present Invention, the spltter column 
40 overhead is treated with a compound which reacts with the carbonyis to aflow such carbonyis to be separated 
from the remaining overhead by means of distillation. Modified by such a treatment the carbonylation of 
methanol yields an acetic 8dd product which has greatly improved permanganate time and is substantially 1ree 
from carbonyl Impurities. Moreover, In the carbonylation of methyl acetate to acetic anhydride, the formation 
of tare which has been found in commercial production units can be substantially reduced. 

45 

DETAILED DESCRIPTION 

The purification process of the present invention is useful in any process used to carbonyiate methanol, 
dimethyl ether, or methyl acetate to acetic acid and/or acetic anhydride in the presence of a Group VIII metal 

so catalyst such as rhodium and an Iodide promoter. A particularly useful process is the low water rhodium 
catalyzed carbonylation of methanol to acetic acid as exemplified In aforementioned U.S. Serial No. 870.267. 
Generally, the rhodium component of the catalyst system is believed to be present in the form of a coordination 
compound of rhodium with a halogen component providing at least one of the Uganda of such coordination com- 
pound. In addition to the coordination of rhodium and halogen, it Is also believed that carbon monoxide Uganda 

55 form coordination compounds or complexes with rhodium. The rhodium component of the catalyst system may 
be provided by Introducing Into the reaction zone rhodium in the form of rhodium metal, rhodium salts and 
oxides, organic rhodium compounds, coordination compounds of rhodium, and the like. 

The halogen promoting component of the catalyst system consists of a halogen compound comprising an 
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organic halkte. Thus, alkyfl, aiyl, and substituted alkyl oraryl halfdes can be used. Preferably, the haJWe pro- 
moter Is present In the form of an aDcyt hallde In which the alkyl radical corresponds to the alkyl radical of the 
feed alcohol which is carbonyfated. Thus, in the carbonyiation of methanol to acetic acid, the halWe promoter 
will comprise methyl hallde, and more preferably methyl iodide. 
5 The liquid reaction medium employed may include any solvent compatible with the catalyst system and 
may include pure alcohols, or mixtures of the alcohol feedstock and/or the desired carboxyllc acid and/or esters 
of these two compounds. The preferred solvent and liquid reaction medium for the low water carbonyiation pro- 
cess comprises the carboxyllc acid product Thus, In the carbonyiation of methanol to acetic acid, the preferred 
solvent is acetic acid. 

10 When the reaction is used to manufacture acetic acid, water Is contained In the reaction medium, but, at 
concentrations well below that which has heretofore been thought practical for achieving sufficient reaction 
rates. It Is known that ki rhodium-catalyzed carbonyiation reactions of the type set forth in this invention, the 
addition of water exerts a beneficial effect upon the reaction rate (U.S. Patent No. 3.769,329). Thus, commercial 
operations run at water concentrations of at least 14 wt% (EP 055618). Accordingly, It is quite unexpected that 

is reaction rates substantially equal to and above reaction rates obtained with such high levels of water concen- 
tration can be achieved with water concentrations below 14 wt% and as low as 0.1 wt%. 

In accordance with the carbonyiation process most usefel to manufacture acetic acid according to the pre- 
sent invention, the desired reaction rates are obtained even at low water concentrations by including in the reac- 
tion medium methyl acetate and an additional iodide Ion which is over and above the Iodide which Is present 

20 asa catalyst promoter such as methyl iodide or other organic iodide. The additional iodide promoter is an iodide 
salt, with lithium iodide being preferred. It has been found that under low water concentrations, methyl acetate 
and lithium iodide act as rate promoters only when relatively high concentrations of each of these components 
are present and that the promotion Is higher when both of these components are present simultaneously. This 
has not been recognized in the prior art previous to disclosure of commonly assigned US, Serial No. 870,267. 

20 The concentration of lithium iodide used In the reaction medium of the preferred carbonyiation reaction system 
Is believed to be quite high as compared with what little prior art there is dealing with the use of halide salts in 
reaction systems of this sort. 

The carbonyiation reaction of methanol to acetic acid product may be carried out by intimately contacting 
the methanol feed, which is in the liquid phase, with gaseous carbon monoxide bubbled through a liquid reaction 

30 medium containing the rhodium catalyst, methyl Iodide promoting component methyl acetate, and additional 
soluble iodide salt promoter, at conditions of temperature and pressure suitable to form the carbonyiation pro- 
duct It will be generally recognized that It to the concentration of Iodide Ion in the catalyst system that Is frnport- 
ant and not the cation associated with the iodide, and that at a given molar concentration of iodide the nature 
of the cation Is not as significant as the effect of the Iodide concentration. Any metal iodide salt or any iodide 

35 salt of any organic cation, can be used provided that the salt is sufficiently soluble in the reaction medium to 
provide trie desired level of the iodide. The iodide salt can be a quaternary salt of an organic cation or the iodide 
salt of an Inorganic cation. Preferably It to an iodide salt of a member of the group consisting of the metals of 
Group la and Group Ha of the periodic table as set forth in the "Handbook of Chemistry and Physics" published 
by CRC Press, Cleveland. Ohio, 1 975-76 (56th edition). In particular, alkali metal Iodides are useful, with lithium 

40 iodide being preferred. In the low water carbonyiation most useful in this invention, the additional iodide over 
and above the organic iodide promoter is present in the catalyst solution In amounts of from about 2 to about 
20 wt%, preferably 5-15 wt%, the methyl acetate to present in amounts of from about 0.5 to about 30 wt%, 
preferably 2-5 wt%, and the methyl Iodide to present In amounts of from about 5 to about 20 wt%, preferably 
10-16 wt%, and most preferably 12-15 wt%. The rhodium catalyst to present in amounts of from 200-1000 

46 and preferably 300-600 ppm. 

Typical reaction temperatures for carbonyiation will be approximately 150-250°C, with the temperature 
range of about 1 80-220°C being the preferred range. The carbon monoxide partial pressure In the reactor can 
vary widely but is typicaly about 2-30 atmospheres, and preferably, about 3-10 atmospheres. Because of the 
partial pressure of by-products and the vapor pressure of the contained liquids, the total reactor pressure wil 

so range from about 15 to 40 atmospheres. 

A reaction and acetic acid recovery system which to used for the Iodide-promoted rhodium catalyzed car- 
bonyiation of methanol to acetic acid to shown in Figure 1 and comprises a liquid-phase carbonyiation reactor 
10, flasher 12, and a methyl iodide-acetic acid splitter column 14. The carbonyiation reactor 10 to typically a 
stirred autoclave within which the reacting liquid contents are maintained automatically at a constant level. Into 

55 this reactor there are continuously Introduced fresh methanol, sufficient water as needed to maintain at least 
a finite concentration of water in the reaction medium, recycled catalyst solution from the flasher base, a recy- 
cled methyl iodide and methyl acetate phase, and an aqueous acetic add phase from the overhead of the methyl 
iodide-acetic acid splitter column 14. Alternate distilatlon systems can be employed so long as they provide 
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means for recovering the erode acetic acid and recycling catalyst solution, methyl iodide, and methyl acetate 
to the reactor. In the preferred process, carbon monoxide Is continuously introduced into the carbonylation reac- 
tor 10 Just below the agitator which is used to stir the contents. The gaseous feed Is, of cotvse, thoroughly dis- 
persed through the reacting liquid by this means. A gaseous purge stream is vented from the reactor to prevent 

5 buildup of gaseous by-products and to maintain a set carbon monoxide partial pressure at a given total reactor 
pressure. The temperature of the reactor Is controlled automatically, and the carbon monoxide feed is Intro- 
duced at a rate sufficient to maintain the desired total reactor pressure. 

Liquid product is drawn off thorn carbonylation reactor 10 at a rate sufficient to maintain a constant level 
therein and is introduced to flasher 12 at a point intermediate between the top and bottom thereof via line 11. 

io In flasher 12 the catalyst solution is withdrawn as a base stream 1 3 (predominantly acetic acid containing the 
rhodium and the Iodide salt along with lesser quantities of methyl acetate, methyl Iodide, and water), wti Be the 
overhead 15 of the flasher comprises largely the product acetic acid along with methyl iodide, methyl acetate, 
and water. A portion of the carbon monoxide along with gaseous by-products such as methane, hydrogen, and 
carbon dioxide exits the top of the flasher. 

15 The product acetic acid drawn from the side of methyl iodide-acetic acid splitter column 14 near the base 
(it can also be withdrawn as a base stream) is directed via line 17 for final purification such as to remove water 
as desired by methods which are obvious to those skilled In the art Including, most preferably, distillation. The 
overhead 20 from methyl iodide-acetic acid splitter, comprising mainly methyl iodide and methyl acetate plus 
some water and acetic acid. Is recycled via line 21 to the carbonylation reactor 10. When overhead 20 Is oorv 

20 densed it typically splits into two liquid phases if sufficient water is present The heavy phase 30 is comprised 
mainly of methyl Iodide plus some methyl acetate and acetic acid. The light phase 32 is comprised mainly of 
water and acetic acid plus some methyl acetate. The overhead heavy phase 30 from methyl iodide-acetic acid 
splitter orthe total overhead 20 if It does not separate is subject to treatment or these streams can be combined 
with recycle products from further purification processes containing methyl iodide, methyl acetate, water, and 

20 other Impurities to become recycle 21 which is also subject to treatment according to this invention. 

In accordance with the carbonylation process of the present Invention, it has been found that carbon yl 
impurities which accumulate in the methyl iodide-rich phase 30 or into the total overhead 20 if it does not sepa- 
rate into two phases and are removed from this stream in the carbonylation process to yield a substantial 
Improvement in acetic acid and/or anhydride product quality. Thus, the methyl iodide-rich phase 30 which con- 
so tains carbonyl Impurities such as acetaldehyde, crotonaldehyde, butyraJdehyde, and the like, is reacted with a 
compound which converts the carbonyl Impurities to derivatives which can be separated from the reaction pro- 
duct by distfllatJon to provide a recycle stream free from carbonyl Impurities. In the preferred embodiment the 
methyl iodide-rich phase is treated with an aqueous amino compound. A subsequent separation is carried out 
to remove the nitrogenous-containing derivatives so as to minimize any conversion of the nitrogenous aldehyde 

35 derivatives to nitrites which can contaminate the purified recycle stream. Preferably the separation is a distil- 
lation to remove the voiatie overhead from the nonvolatile amine residues. 

In the first stage of the preferred process, the combined recycle stream 30 which contains carbonyl Impuri- 
ties including aldeydes, such as acetaldehyde, crotonaldehyde, and butyraJdehyde, is contacted with an amino 
compound, preferably an aqueous hydroxylamlne salt e.g., hydroxylamlne hydrochloride, hydroxy! amine sul- 

40 fate, hydroxylamlne bisutfete, or hydroxylamlne phosphate. Since hydroxylamlne slowly decomposes in its free 
form, It is commercially supplied as its acid salt The free hydroxylamlne is liberated upon treatment of the acid 
salt with a base such as potassium hydroxide, sodium hydroxide or lithium hydroxide. If sodium hydroxide Is 
used as the base to liberate the hydroxy! amine from its acidic sulfate salt then such liberation also produces 
sodium sulfate as a byproduct If a large amount of acetic acid or acetic anhydride remains in this stream 30, 

46 It may be removed, era for example, by distillation, prior to the addition of the amino compound. 

The base should be used In an amount for example, of about 0.5 equivalents per equivalent of starting 
hydroxylamlne plus any amount needed for the neutralization of the residual acetic add or acetic anhydride in 
the stream. The base is preferably used in an amount of 0.8-1.0 equivalents per equivalent of starting hyd- 
roxylamlne so that a small amount of hydroxylamlne remains in the form of its add salt to create a pH buffer 

50 that maintains the pH of the reactant solution in the range of 4.0 to 7.0. Use of larger amounts of base can 
cause the pH to rise above 7 and result in the decomposition of the unstable hydroxylamlne free base to unde- 
sirable volatile by-products such as ammonia Initiating undesirable condensation reactions of the methyl io- 
dide-rich combined recycle streams with the free hydroxylamlne which is formed. The hydroxylamlne acid salt 
b preferably used In an amount of 1 to 2 equivalents of starting hydroxylamlne per equivalent of the carbonyl 

55 impurities which are contained in the combined recycle material 30. The amount of carbonyl frnpurfties can be 
determined by analytical methods prior to reaction. It is also important that the pH of the reaction solution 
remains at or near pH 4.5 to maximize the oximation reaction. The reaction is run at a temperature of about 0° 
to 70°C for a period of from about 1 mln. to 1 hour. Any pressure may be used and is not critical In the process, 
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Although hydraxylamine is the preferred amino compound for use in the processor this invention, other 
amino compounds are suitable including aniline and acid salts thereof such as aniline acetate, aniline sulphate, 
hydrazine, phenyl hydrazine; alkyl amines such as methyl amine, ethyl amine propylamine, phenyiamine and 
naphthyiamine. Moreover, in less preferred embodiments, other compounds can be used to treat the splitter 
column overhead, including bisulfite salts, as for example sodium bisulfite. 

Regardless of the type of amino compound used, nltrfle formation from the reaction product of an aldehyde 
and amino compound can result during prolonged heating such as during distilation. Reaction of hydraxylamine 
and aldehydes yields an oxime whereas reaction with hydrazine yields the hydrazone. The nitrite forming reac- 
tions are shown below for (1) oxime products and (2) hydrazone products. 



Subsequent to the add ftion of amino compound and reaction thereof with the carbonyl Impurities, it Is neces- 
sary to separate the recycle from the nitrogenous products from the treated stream before the stream is returned 
to the reactor. In accordance with the present invention, a series of steps are utilized to provide this separation 
and yield a purified recycle stream and, in particular, a pure recycle stream which is free from nitrfle. Unfortu- 
nately, typical distillation procedures which are used to separate purified organic streams from the nitrogenous 
products formed by reaction of the aldehyde impurities and the amino compound as in the prior art tend to pro- 
duce nitriies by the reaction schemes described above upon prolonged heating. 

The separation of the pure recycle stream from the impure nitrogenous reaction product can be more readily 
described by referring to Figure 2 which is a schematic of the recycle purification process of the present inven- 
tion. In Figure 2 and following example, hydraxylamine is used as the amino compound. It Is to be understood 
that any reactive amino compound is useful in the process of this invention and, thus, the description below is 
not intended to limit the invention. Thus, referring to Figure 2, it can be seen that entering reactor 40 Is recycle 
stream 30, hydraxylamine sulfate (HAS) feedstream 42, and sodium hydroxide feedstream 44, as well as recy- 
cle aqueous stream 46. The reaction takes place in reactor 40 as described above in whk^ the caitwnyl impuri- 
ties contained in the recycle stream are reacted with hydraxylamine to form oximation products which are . 
soluble In the aqueous phase. The reactor can be of any suitable equipment known in the art including a stirred 
back-mix or plug flow reactor. 

Subsequent to reaction, the reaction products are collected via line 46 from reactor 40 and directed to dec- 
anter 50 for separation of the purified recycle 52 from the light aqueous phase 54 which contains unreacted 
hydraxylamine sulfate as well as most of the oximation products from reaction of the carbonyl impurities in recy- 
cle 30 with the hydraxylamine. The aqueous phase containing the hydraxylamine sulfate may be fully or partially 
recycled to reactor 40 via lines 56 and 46 or partially purged via line 58. The recirculation of the aqueous phase 
greatly Improves pH control which is necessary to release the hydraxylamine from the hydroxy! am be salt and 
allows optimum reaction with the carbonyl impurities. Recirculation of the aqueous phase also minimizes usage 
of hydraxylamine. The organic phase 52 containing methyl iodide-rich recycle, minor amounts of water as well 
as trace amounts of hydraxylamine sulfate, oximes and impurities which do not separate with the aqueous hyd- 
raxylamine sulfate phase is withdrawn from the decanter 50 via line 60 and directed to distillation tower 62 for 
removal of these components from the recycle. Upon distillation in tower 62, a distillate containing a purified 
recycle stream leaves the tower via line 64. This light ends stream can be recycled to carbonyl atlon reactor 10 
via line 21 as previously described. The bottoms 66 from distillation tower 62 comprises the separated aqueous 
oximes as well as other Impurities such as alkanes. 

It is important to reduce the oxime content at the top of distillation tower 62. We have found that oximes 
such as those formed by reaction of the hydroxy! amine and aldehydes, In particular, acetaMehyde oxime can 
readly convert to the nitrle, e.g., acetonitrile, which has a boning point dose to the methyl lodide-rich recycle 
and which will distiD with and contaminate the recycle phase distillate 64 leaving distilation tower 62. Such con- 
version occurs more readily under conditions of high temperature in an acidic medium. Accordingly, In order 
to remove any oxime as well as nitrfle from distillate 64 leaving distillation tower 62, additional water must be 
added to the distilation tower 62. The water content added should be In an amount, for example, 0.1-3 feed 
volume ratio of water to organic phase (tower) feed 60. The water partitions the oxime to the bottom of distillation 
tower 62, and reduces the temperature needed for distillation, further reducing the undesirable nitrfle formation. 

In order to demonstrate the value of removing the carbonyl products from the methyl iodide rich phase 30, 
the following experiments were performed. During operation of a commerci al unit manufacturing acetic acid 
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the composition of the contents of line 30 was modified. A charge of 500 pounds of acetal de hyde was infected 
toto line 30 In less than one hour. Analysis was performed on several product purification streams. At the point 
of addition the base level of acetaldehyde and condensation products thereof increased from a base level of 
1 .5% to 2.0% at the 7 hour time point At line 21 the level of acetaldehyde products Increased from a base level 

5 of 0.0% to a maximum of 1.5% In four hours. In the vent from the flasher the aldehyde level increased to a 
maximum of 0.6% within 1 hour and took 1 5 hours to return to the base level. I n the reactor 1 0 the aldd products 
reached a peak of 0.27% in 10 hours and took another 10 hours to return to the base level of 0.2%. The acetal- 
dehyde derived products may Include one or more of the following compounds: acetaldehyde, acetaldehyde 
dimethyl acetal, crotonaldehyde, butyraldehyde, 2-ethyi crotonatdehyde, 2-ethyi butyraldehyde, and 2-hexenai. 

10 Analysis of the final product stream durttg the 24 hour period following acetaldehyde addition showed a 2-fold 
Increase in concentration in each of the following by-products: crotonaldehyde, ethyl crotonaldehyde, and butyl 
acetate. 
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EXAMPLE 1 

A continuous process as illustrated in Figure 2 was used to remove acetaldehyde from a process stream 
of primarly methyl iodide that contains 3909 ppm acetaldehyde. 

Operating conditions were: 



At reactor 40 

Methyl iodide strain flow to reactor (30) 
30% aqueous hydroxylamine flow to reactor (43) 
30% aqueous sodium hydroxide flow to reactor (44) 
Reactor purge flew 

Reactor aqueous phase recycle flow to reactor 
Reactor aqueous phase recycle pH 

At Tower 62 

Water feed flow to Tower 

Tower distillate flow (€4) 

Tower bottoms aqueous flow (66) 

Tower reflux/distillate ratio 

Tower methyl iodide stream feed temperature 

Tower water feed temperature 



6.6 gq/min 
0*16 gm/min 
0.06 ga/min 
o«3i ga/min 
6.3 ml/min 
4.7 



3.2 ga/min 

6.5 ga/min 

3.2 ga/min 
2.0 

39 dag C 

52 dag C 

96 deg C 



40 



20 tray column (62) with reactor organic phase 
(52) column feed (60) on tray 15 and water 
column feed on tray (5) 



The tawar distillate product stream (64) of purified methyl Iodide was analyzed by flaa c hr omatography and 
contained only 573 ppm acetaldehyde. This result demonstrates a significant reduction in the acetaldehyde con- 
45 centration in the methyl iodide process stream (30). 

COMPARATIVE EXAMPLE 

Operating conditions were: 

so 

At reactor 40 

Methyl iodide stream flow to reactor (30) 5.20 gm/min 

30% aqueous hydroxylamine flow to reactor (42) 0 gm/min 
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15 



30% aqueous sodium hydroxide flow to reactor (44) 0 gm/nin 

Reactor purge flow 0.23 gm/min 

Reactor aqueous phase recycle flow to reactor 6.8 ml/min 

Reactor aqueous phase recycle pH 4.6 

At Tower 62 

Water feed flow to Tower 3.0 gn/»in 

Tower distillate flow (64) 5.0 gm/nin 

Tower bottom aqueous flow (66) 3.2 gm/min 

Tower reflux/distillate ratio 2.0 ga/min 

Tower methyl iodide stream feed temperature 39 deg C 

Tower water feed temperature 54 deg c 

Tower base temperature 96 deg C 
20 tray column (62) with reactor organic phase 
(52) column feed (60) on tray 15 and water 
column feed on tray (5). 



20 The tower diafllate product stream (64) of purified methyl iodide was analyzed by gas chromatography and 
contained 2884 ppm acataldehyde. This result demonstrates a slight reduction In the acetaldehyde concen- 
tration in the methyl Iodide process stream (30). This reduction of the acetaldehyde concentration la not from 
chemical reactive treatment of acetaldehyde, but only a result from water extraction of acetaldehyde from the 
reactor organic phase (52) Into the reactor aqueous phase (54) during mbdng In the reactor. 



Claims 

1. In a process for the carbonylation of one or more compounds of the group consisting of methanol, dimethyl 
$o ether, or methyl acetate to a product of acetic add, acetic anhydride or both wherein said methanol, 

dimethyl ether, or methyl acetate Is carbonytated in a reaction medium containing a Group VIII metal car- 
bonylation catalyst and methyl iodide, the products of said carbonylation separated Into a volatile phase 
containing said product, unreacted dimethyl ether or methyl acetate and methyl iodide and a less volatile 
phase comprising said Group VIII metal catalyst, said vdatle phase distilled to yield a product and an over- 

35 head containing unreacted methanol, dimethyl ether, or methyl acetate and methyl iodide, and recycling 
said overhead to said carbonylation reactor, the improvement which comprises: 

contacting said overhead with an aqueous solution of an amino compound under conditions at 
which said amino compound reacts with carbonyl impurities in said overhead for conversion to water sol- 
uble nitrogenous derivatives of said carbonyls, subsequently forming an organic phase containing a major 

40 portion of said dimethyl ether or methyl acetate, methyl iodide, and an aqueous phase containing said nit- 
rogenous derivatives, separating said organic phase from said aqueous phase to yield a purified material 
for recycle to the reactor. 

2. In a process for the carbonylation of methanol, dimethyl ether, or methyl acetate to a product of acetic 
45 acid, acetic anhydride or both wherein said methanol, dimethyl ether, or methyl acetate is carbonytated 

in a reaction medium containing a Group VIII metal carbonylation catalyst and an organic iodide catalyst 
promoter, the products of said carbonylation separated into a vdatle phase containing said product, 
unreacted methanol, dimethyl ether, or methyl acetate and organic iodide and a less volatile phase com- 
prising said Group VII I metal catalyst, said volatile phase distilled to yield a product phase and an overhead 
so containing unreacted methanol, dimethyl ether, or methyl acetate and organic Iodide, and recycling said 
overhead to said carbonylation reactor, the improvement which comprises: 

contacting said overhead with a compound under conditions at which said compound reacts with 
carbonyl impurities in said overhead for conversion to derivatives of said carbonyls, and subsequently dis- 
tilling said overhead to separate a purified overhead for said recycle from said carbonyl derivative. 

55 

3. The process of claim 2 wherein said compound Is an aqueous amino compound which forms water soluble 
nftrogenoua derivatives of said carbonyls, said process further comprising prior to distillation forming an 
organic phase containing a major portion of said methanol, dimethyl ether, or methyl acetate and organic 
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iodide and an aqueous phase containing said nitrogenous derivatives, distilling said organic phase to 
separate a purified overhead for said recycle. 

4. The process of claim 2 or 3 wherein aaid organic Iodide catalyst promoter la methyl Iodide. 

6 

5. The process of claim 1 , 3 or 4 wherein said amino compound is hydroxy! amine and said nitrogenous deri- 
vatives are oximes. 

& The process of claim 5 wherein said amino compound comprises a hydroxy lamina acid salt and a base 
10 to liberate said hydraxylamlne from said salt 

7. The process of claim 6 wherein said hyd roxyf amine salt is hydraxylamlne sulfate. 

8. The process of claim 6 or 7 wherein said base is sodium hydroxide. 

18 

9. The process of any of claims 1-8 wherein water Is added to the said separation or distillation of said organic 
phase to provide a water content in an amount of 0.1 - 3 feed volume ratio of water to organic phase so 
as to reduce the concentration of nitrogenous derivatives in the purified overhead. 

20 10. The process of claim 9 wherein said aqueous solution of an amino compound comprises a hydroxylamlne 
salt and a base to liberate said hydroxy! amine from said salt 

11. The process of any of claims 1-10 wherein methyl acetate or dimethyl ether la carbonyiated to a product 
consisting essentially of acetic anhydride. 

25 

12. The process of any of da bns 1-10 wherein methyl acetate or dimethyl ether Is carbonyiated to a product 
comprising both acetic acid and acetic anhydride. 

13. The process of any of claims 1-10 wherein methanol or methyl acetate is carbonyiated to a product con- 
so slating essentially of acetic acid. 

14. The process of any of claims 1-10 wherein methanol or methyl acetate is carbonyiated to a product com- 
prising both acetic acid and acetic anhydride. 

35 15. The process of any of claims 1-14 wherein said carbonyf Impurities present in said overhead comprise 
acetaldehyda. 

16. The process of any of claims 1-14 wherein said carbonyl impurities present in said overhead comprise 
ketones. 

40 

17. The process of claim 16 wherein said ketones include acetone. 



46 



80 
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